Background: Patients with non-small cell lung cancer (NSCLC) have a poor prognosis. The objective of this study was to examine the relationship of EORTC QLQ-C30 and QLQ-LC13 and survival in patients with NSCLC undergoing different treatments. Methods: Investigators conducted a health-related quality of life (HRQOL) survey of 488 patients with NSCLC: 162 patients undergoing surgery, 312 patients without surgery, and their survival status was prospectively followed up. EORTC QLQ-C30 and QLQ-LC13 scores and clinical variables at baseline were analyzed using Cox's proportional hazard regression to identify factors that influenced survival. Results: Median survival of these 474 patients was 9.82 months. After adjustment, emotional functioning scale, and symptom scales of pain and nausea/vomiting are associated with survival in NSCLC patients with surgery whereas social functioning scale, and symptom scales for fatigue, appetite loss, and financial problems had a significant impact on survival in NSCLC patients without surgery. The results of multivariate analysis showed that none of QLQ-LC13 scales are significant predictors of survival. After simultaneously considering these scales, we found significant independent predictors of survival were nausea/vomiting (HR = 0.11, 95% CI = 0.02-0.63 for score >0 compared with =0) in NSCLC patients with surgery and appetite loss (HR = 1.77, 95% CI = 1.26-2.49 for score >0 compared with =0) in NSCLC patients without surgery. Conclusions: HRQOL provides additional predictive information that supplements traditional clinical factors, and is a new prognostic indicator for survival of NSCLC patients under different treatments.
Background
Lung cancer (LC) is the leading cause of cancer-associated mortality worldwide. In 2011, malignant neoplasm was the number one leading cause of death in Taiwan, accounting for more than 20% of total deaths [1] . Lung cancer was ranked as the second most common cancer in men, accounting for about 21 .2% of all cancer deaths, and was the most common cancer in women, accounting for about 16 .7% of all cancer deaths.
A growing body of research shows that self-perceptions of health are linked to mortality, even when more objective health measures, such as morbidity [2, 3] , social support [3] , and health behaviors [4] are controlled. Health-related quality of life (HRQOL) and its assessment have become increasingly important in the field of oncology. HRQOL is an important aspect of cancer care. It has been acknowledged as an important end point in cancer clinical trials and clinical practice, along with the traditional end points, including tumor response rate, disease-free survival, and overall survival. Several studies have investigated the prognostic factors of patients with lung cancer, and these have been reported to enable the differentiation of patients with favorable and adverse prognoses [5] [6] [7] [8] ; analyses of advanced non-small cell lung carcinoma treated with chemotherapy [5] or with radiotherapy [6] , of new cases of all cancer types and treatments [7] , and of advanced lung carcinoma of all cancer types with chemotherapy [8] have been undertaken.
There is an increasing need for the Chinese version HRQOL instruments for cancer patients due to increasing incidence rates of cancer in Taiwan. Although the Chinese version of the European Organization for Research and Treatment of Cancer (EORTC) QLQ-C30 and lung cancer-specific (LC-13) scales were available, their relationships with survival in lung cancer patients have never been reported. Therefore, the objective of this study was to examine the relationship of the EORTC QLQ-C30 and LC-13 scales and survival in Taiwanese patients with stages I-IV non-small cell lung cancer (NSCLC).
Methods

NSCLC patients
From July 2004 to December 2007, we consecutively contacted NSCLC patients undergoing active chemotherapy, surgery or post-therapy follow-up in an inpatient setting or at the outpatient clinic of the Department of Oncology at China Medical University Hospital and Taichung Veterans General Hospital, two medical centers in central Taiwan. NSCLC patients in this cross-sectional study were initially recruited to participate in a known-groups validation study of the EORTC QLQ-C30 and QLQ-LC13. The eligibility criteria for inclusion were a clinical diagnosis of NSCLC with local, advanced, or metastatic lung cancer; American Joint Committee on Cancer/Union International Cancer Center (AJCC/UICC) stages I-IV; the ability to read, write and speak Mandarin or Taiwanese; informed consent; and no major disabling medical or psychiatric conditions that would substantially impair cognitive functioning. Patients who declined to participate were excluded. Patients were instructed to complete the questionnaires themselves. Patients who had difficulty in completing the questionnaires were assisted by interviewers fluent in both Mandarin and Taiwanese. This study was approved by the Human Research Committee of China Medical University Hospital. Written informed consent was obtained from each participant.
Prognostic clinical variables
We abstracted data on tumor characteristics, such as date of diagnosis, histology, tumor type, stage, and treatment, and patient characteristics like gender, date of birth and co-morbidity at the time of diagnosis. We only included those cases with histology being categorized as NSCLC. Tumor type was categorized as squamous cell carcinoma, adenocarcinoma, and undifferentiated carcinoma. Stage of lung cancer was defined by location and extent of primary and metastatic tumor involvement. The standard AJCC/UICC system was used for staging [9] . Stage of lung cancer was differentiated as I or II, III (a or b), or IV, with the higher stage representing more advanced disease. Treatment status was classified as surgery, chemotherapy or post-therapy follow-up. Usually, NSCLC patients who did not have completely resected stage IA and IB would receive adjuvant therapy and NSCLC patients who are not candidates for surgery or who refuse surgery, curative intent chemotherapy or radiotherapy is used. Cancer duration was derived by calculating the difference between the date of entry and date of diagnosis, using month as the unit.
Instruments
The EORTC QLQ-C30 [10] and QLQ-LC13 [11] were used. The EORTC QLQ-C30 is a core cancer-specific questionnaire containing 30 items on patients' functioning, global quality of life (QOL), and disease-and treatmentrelated symptoms. The QLQ-LC13 is a site-specific questionnaire consisting of 13 items on lung cancer symptoms (cough, haemoptysis, dyspnoea, site-specific pain) and its treatment-related side-effects (sore mouth, dysphagia, peripheral neuropathy, alopecia). Previous study showed that overall validation results for the Chinese version of the EORTC QLQ-C30 and QLQ-LC13 confirmed it as a reliable and valid questionnaire for assessing lung cancerspecific HRQOL in Taiwan [12] . Patients receiving chemotherapy completed questionnaires between the first cycle of therapy and the end of the 6 th cycle. Patients undergoing surgery completed the surveys between one and 4 weeks after surgery. Patients free of recurrent disease completed the questionnaires at a follow-up visit.
Main outcome measure
The primary outcome measure was survival due to any cause in the months following baseline assessment of HRQOL. Survival was ascertained by patients' family members through telephone follow-up. For non-respondents, vital status was assessed by linking to the National Mortality database through December 31, 2007 using gender, identification number, and date of birth. For individuals reported deceased by family members, the date of death and cause of death were confirmed using the same process. The precise date of death along with the date of entry was used to calculate the event time. Those who did not die were defined as censored and their data were censored on December 31, 2007.
Statistical analysis
The Cox proportional hazards model was used to assess the relative risk of survival in terms of the 2 HRQOL instruments. First, we categorized the scales of the QLQ C-30 and LC-13 according to their tertiles, and dichotomized the single-item symptom scales. Then, we evaluated the crude risk of survival separately for each scale, and added age, gender, stages of cancer, treatment type, duration of cancer, and lung cancer subtype. Next, we used the continuous variables of the QLQ C-30 and LC-13 scales to test linear trends. Finally, five models were examined. In the first model, the relative hazards of survival of all clinical variables were examined simultaneously. In the second model, the functioning scales of the QLQ C-30 were examined simultaneously by adjusting for clinical parameters in the first model. In the third model, the relative hazards of survival were estimated simultaneously for symptom scales of QLQ C-30 while considering all clinical parameters. In the fourth model, the relative hazards of survival of the symptom scales of the QLQ LC-13 were examined simultaneously by controlling for clinical parameters. In the last model, the significant scales of the QLQ C-30 and LC-13 in 2-4 models were examined simultaneously, while including the relative hazards of survival with the clinical parameters in the model. Kaplan-Meier estimates were used to obtain the proportion of patients who had an event during follow-up for those significant scales of QLQ-C30 and LC-13 in model 5 and log-rank tests were used to compare whether the survival functions across subgroups were different. All analyses were conducted using SAS, version 9.1 (SAS Institute Inc. Cary NC).
Results
Patient population
Four hundred seventy-eight NSCLC patients (162 receiving surgery and 312 not receiving surgery) participated in this study. The socio-demographic and clinical data and their relationship to survival stratified by surgery status are presented in Table 1 . Age, clinical stage, primary tumor, regional lymph nodes, distant metastasis, and type of treatment were significantly associated with survival in both groups. In addition, female was significantly associated with longer survival (HR = 0.63, 95% CI = 0.45-0.88) and cancer duration <1 year was associated with worse survival (2.30, 1.43-3.70 for new cases; 2.36, 1.49-3.75 for <1 year) in patients without surgery.
Health-related quality of life and survival Table 2 shows the results of univariate and multivariate analyses that examined whether the various QOL-C30 scores were significant for overall survival stratified by surgery status. After multivariate adjustment for adjusting for age, gender, cancer duration, type of cancer and cancer clinical stage of TNM, emotional functioning scale, and symptom scales of pain and nausea/vomiting are associated with survival in NSCLC patients with surgery whereas social functioning scale, and symptom scales for fatigue, appetite loss, and financial problems had a significant impact on survival in NSCLC patients without surgery. And there existed a significant linear trend for fatigue scale. For scales of the QLQ-LC13, the results of univariate analysis showed that the sore mouth in patients with surgery, and hemoptysis, and dysphagia scales of the QLQ-LC13 in NSCLC patients without surgery had a significant impact on survival Table 3 . The results of multivariate analysis showed that none of these scales remained statistically significant after adjustment.
Hierarchical Cox's proportional hazard models Table 4 shows the hierarchical Cox's proportional hazard models in NSCLC patients with surgery. The results for model 1 indicated that age, type of cancer, and regional lymph nodes were significant prognostic factors for survival, significant, we fit model 5 directly. As model 5 shows, when significant scales of the QLQ C-30 were considered simultaneously, nausea/vomiting was the only scale with a significant effect on survival (0.11, 0.02-0.63 for a score >0 compared to a score of 0) after controlling for all other variables in the model. Table 5 shows the hierarchical Cox's proportional hazard models in NSCLC patients without surgery. The results for model 1 indicated that gender, age, cancer duration, type of cancer, regional lymph nodes, and distant metastasis were significant prognostic factors for survival, and model 2 showed that social functioning scale of the QLQ C-30 was a strong predictor of subsequent survival, after adjusting for all other variables in the model (0.70, 0.50-0.99 for a score 100 compared to <100). The results for model 3 showed that the effect of the QLQ C-30 scales for appetite loss (1.62, 1.12-2.36 for score >0 compared with score of 0) were significant. Because none of adjusted HR for QLQ-LC13 scale was statistically significant, we fit model 5 directly. As model 5 shows, when significant scales of the QLQ C-30 were considered simultaneously, the effects of appetite loss on survival remained significant (1.77, 1.26-2.49) after controlling for all other variables in the model. Figure 1 presents Kaplan-Meier survival curves within subgroups defined by nausea/vomiting scales in NSCLC patients with surgery and log-rank tests reveal that there are no difference within subgroups for these 3 scales. Figure 2 shows Kaplan-Meier survival curves within subgroups defined by appetite loss and it is significantly different (p < 0.001).
Survival curves
Discussion
The present study was the first one examining the relationship between the Chinese version of the EORTC QLQ-C30 and QLQ-LC13 and all-cause survival while adjusting for an array of clinical parameters in a sample of NSCLC patients stratified by surgery status. We demonstrated that HRQOL measured by the QLQ C-30 was a strong and independent predictor of overall survival time. When we considered the functioning and symptom scales of the QLQ C-30 and QLQ LC-13 separately, the emotional functioning scale and symptom scales of pain, nausea/vomiting were strong predictors with regard to survival in NSCLC patients with surgery whereas the social functioning scale and symptom scales of fatigue, appetite loss, and financial difficulties of the QLQ C-30 were strong predictors in NSCLC patients without surgery. Using goodness of fit as the criterion, items of symptoms on the QLQ-C30 were the strongest predictors among them. None of QLQ-LC13 scales was significant predictors. After simultaneously taking all significant scales of the QLQ-C30 into account, nausea/vomiting for NSCLC patients with surgery and appetite loss for NSCLC patients without surgery were the most informative variables for an improved prediction of survival, besides the traditional clinical parameters. These findings suggest that prediction of the prognosis could be improved by considering these HRQOL scales along with the current standard clinical prognostic variables.
The nausea/vomiting scale in NSCLC patients with surgery and appetite loss in NSCLC patients without surgery seemed to capture all the prediction after simultaneously considering all the significant scales of the QLQ-C30 and QLQ-LC13. The emotional functioning and pain scales in NSCLC patients with surgery and social functioning, fatigue, and financial difficulties scales in NSCLC patients without surgery became insignificant, possibly because they were moderately correlated with significant scales, and they did not provide new information regarding survival after these 2 significant items were considered.
Several different aspects of pretreatment HRQOL have been associated with survival in advanced cancer [13] [14] [15] [16] , breast cancer [17] [18] [19] , lung cancer [5] [6] [7] [8] , oesophageal cancer *:P < 0.05, **:P < 0.01, ***:P < 0.001. [20] [21] [22] , hepatocellular cancer [23] , and head and neck cancer [24] . Even though few studies have been carried out in lung cancer patients, our results are in agreement with those in studies of lung cancer patients. Herndon et al. in a study of 206 patients with advanced NSCLC using the QLQ-C30 and Duke-UNC Social Support Scale, found that in addition to the cancer type and dyspnoea, the pain scale was a prognostic factor of survival [5] . Similarly, Langendijk et al. in a study of 198 patients treated with external irradiation using the QLQ-C30, observed that global QOL was an independent prognostic factor, but the effect varied as a function of cancer clinical stage in a 3-year follow-up [6] . Montazeri et al. using the Nottingham Health Profile, the QLQ-C30 and the QLQ-LC13, reported that the global QLQ of the QLQ-C30, along with age and extent of disease, were the significant predictors of 3-month survival in 129 newly diagnosed lung cancer patients [7] . Recently, Dharma-Wardene et al. using the Functional Assessment of Cancer Therapy-General (FACT-G), found that the baseline FACT-G total score was a significant
Figure1 Survival curves for the baseline nausea/vomiting scores in NSCLC patients with surgery. Figure 2 Survival curves for the baseline appetite loss scores in NSCLC patients without surgery.
predictor of subsequent survival in 42 patients with advanced lung cancer planning to undergo palliative chemotherapy [8] .
Previous studies indicated that pre-treatment HRQOL is a significant factor for survival time, and pretreatment assessment of HRQOL could help physicians in their clinical decisions, as it directly relates to patients' survival time. Our finding is that cross-sectional HRQOL of all treatment types is also a significant factor for survival outcome, and this has important implications: the assessment of HRQOL in lung cancer patients should be integrated into clinical practice and evaluated periodically to adequately monitor the outcome of any resulting treatment or regular follow-up visits. In addition, the independent prognostic value of the QLQ-C30 scales for these patients suggests that a better HRQOL score, reflecting fewer symptoms of appetite loss would result in better overall survival in NSCLC patients. In our opinion, one of the therapeutic goals of HRQOL is to facilitate communication between patients and doctors, and help doctors provide care based on patients' symptoms with the aim of improving overall survival by controlling the impact of disease and preserving or improving HRQOL.
The major strengths of our study are that all of the HRQOL data were available at baseline, with a less than 5% missing rate. The clinical characteristics of these patients were similar to those of the entire population of our clinical settings. A high standard of follow-up was applied, resulting in a low rate of loss to follow-up, a large number of events, and adequate overall statistical power. Furthermore, HRQOL was assessed using multidimensional QOL, which would be more informative than global QOL.
Our results should be interpreted with caution because of 5 limitations. One limitation is that some of deaths could not be confirmed through follow-up phone calls and had to be confirmed through linking with the National Mortality database. The death status of some patients with a missing identification number could not be confirmed. With only a few cases being lost to follow-up and with few missing identification numbers, the error should be small. Another potential drawback is that the analyses only considered baseline HRQOL; the relationship between changes in HRQOL measures and survival could not be examined. Future studies should focus on how the changes in HRQOL measures relate to survival due to any causes. Third, the study lacked information regarding pulmonary function, comorbidity, genetic factors and the physical environment of these patients; hence, we cannot rule out the possibility that our findings may be confounded due to these unmeasured variables. Fourth, due to limited number of sample size, we could not examine the relationship between HRQOL and survival in small cell lung cancer patients.
Last, this study did not establish a causal relationship between HRQOL and survival, since an unidentified factor may have been involved. HRQOL may reflect a patient's status of disease, which has a direct effect on a patient's survival.
Conclusion
In conclusion, our findings from this study support the use of HRQOL assessment in routine clinical practice in a NSCLC patient population. Although the data were prospectively collected, the findings are limited by the cross-sectional assessment of HRQOL. Further studies incorporating longitudinal HRQOL assessment together with clinical prognostic factors may provide additional information that may aid the patient and clinician in decision-making in NSCLC.
